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(57) imm 

[««] *M»ttt^*I#M5»t # 

tt&MJftfr^lS ( tmax-tmin) /t a »e SO. 0 3 

triS7"c L. HiFW^TfJ*^ ( ntnax - n.i„ ) /n a » e £ 



(2) 

1 

Kit* 4 «Mfcfc(t&JW* : ft3& r 3EC ( t - t.in > / 
tave SO. 03 U JBDf^^**^ ( nmax " 

n, in ) /n,» e SO. 0 3*»fcU ^MSRa^S 
R a g 3 n m S I^fC t f M J: t SII^^ «Itt 

*nttf>3ias»# 7 o %m±-e& £ , It^II 1 fc£»<0 10 

[ If *II 3 ] jfrffc3r>f SKtf *«hiyS > C& S , I1*JI 

i ~tn#s 3 Y$*ftj&» i w&aamwtirA mm 

[11*115] ;#5XM£#m»?L£*U Z<7)tf?X 

^fi^iS ( taax-t.in) /tave SO. 0 3 U 

SSf^Tt?^^ ( n,„ ai -ruin) /n awe SO. 03^ 
L . ^HfflS RaiiSRaS3nm fc i 

30 

[||*5B7] SI6 3 3nm^(:-3l^<?)MM 
*J»03IQ»MW 7 0 %VltX'fo h , Sff$B 6 tCfEtft^) 

[00 0 1 ] 

mmimmmmmt Lxmmzti&mtirjmi&m 

[00 02] 40 

oSfig^fcriJ ft 5 jSHBacffiK t LT^iJffl^H £>tfC d * 

sal 3t»imiaiiM*ti3{ti.^-iMii6«&sffl^sim 
Jit Lx^mm^m^nx^^^. 
[0003] mmz±Mcommz&m~tz>M'& so 



#If8-l 8 3 6 3 5 

2 

^-?T(±f^WMffl*«ffi (CVDS) , ^«xt7 
^r^-S (MBE^) S7t{iAM°-y^Uyj?'WflJffl§ 

[0 0 04] CVDffiteiOffiSLhtClKfl;y>f*«*J* 

(M£t£ r Thin Solid Films ( >W V 7 'J >y 
K jg225-f( 1 99 3^)^23 0 

H (H.Nagasawa et. al. ) , #MB§6 2-138398 
#4MBtS <t Wfif6 - 1 2 4 9 1 0#&flHNH) . i 

[000 5] MBEffifcJ:9aHR_hfc:iJtfl:*--r* 

£ ^n^^^t ltkimo teas*]- t . mm 

urnal of Crystal Growth ( h>P ^7" ? 

/o-X) j§9 5f (1 989^)^46 11 

(T.Fuyuki et. al.) J it (2 r J. Appl .Phys (i^>— f 
;P 777^7^yn)jii68 (l)f 

( 1 9 9 0¥7H 1 B) HI 0 II (S.Motoyama et. a 
1. ) #38) . 

[0 0 06] ^LT, XJ*v?\}>?fflZj:t)WgiUHZ 

^JR ; P*ft3irS-&TiR'fk^>f*JR*#* F Thin 
Solid Films (Xj > V U >y H 7^/l-AX) jg6 
3^(1 97 9^) IP2 3 7H (Y.Hirohata et. al . ) 

[0007] tSfttt* t fitMri)t'ft^>f *1H* 

B£MB#tfc{ti.*Ma«* 900 °cjii±t-r^. ; #a 

trm^&zttfM&tih. ttz, m-tkir j mm&T FT 
mm^mmmmmtLxmm^^m^izi,, xmrnt* 
mmmr<Qm*t>. mmtLxittf^xmmzm^&z 

[0008] HSKDJ: 3 fc„ ^U^^7Xl3l7h0^7X 
WRfl^SURh 9 0 0 °C*iWT'S> l>W, i CO i 5 

(jar, ^L*^9 0 0'C*iio^^xeffi«i*^ 
yxb^o) fr^&mW±lz^Mtf&M%mik J rA 



(3) 

3 

< , >J 3 yffiSO «t 3 ttfftfijBAtf 9 00 "CJiLhT* 
», uOffi (JWfc$r-f*IH*lfiKL!fc«><75> fcffilLS 

^>f#JIK*KJtft*tfeM«ISSn-CV^ (W4-2 10 
8 0 84 0^fg#Hl) . 
[0009] 

X»<O^H±4 fc(iWffi±fcift4fcM «)R£J&JK L£ 

ffi^^hvx^^-ciivx^cor^^f^yhW^vx 20 
[0 0 10] ^BJtfOBWli, vx^r^-f tO-T-W 

[0011] 

zntf7xmmcofrm±&izizmm-t!,zmtt,txizmt 

#3$ ( t.ai-t.in) /t»» e SO. 0 3^)fitt. g 
Sf^fr^J^ ( n max - nmin ) /llave SO. 0 3 £}|f 

L , HHffi§ Rai^Ra£3n m^miffZ t Sr«f 

fcOTC* 4. 40 
[ 0 0 1 2 ] jyr. *5MBtiSIIfc:KWt4&. #»Etf> 

mit^r a mm ^mmi± , ±3* l ^ ± a t# 5 x 

xSStUliMUS7)7X, tf^-fRttWr?*, 
7X. ^yy^ig&^x^ WfBWiijlBSr-r^yfc 
^coiR-fbSfiStta 400—600 °cx°$> hzt 4 L 

W 77'^XS«<7)Wf47?'^XOfWL^4 0 0°C*iiT- 50 
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4 

xlSJflfl>it;7j7XM^iL^t< . 77'9 

xis^Wig # iz M&mz g w t -t 4 m Vr4 mm 
m ; t aw tsr* Jt, iwbs 

7>*fflit£:3r4, 

[0013] #7xmMcomzimi l zmM$fL& 
mz%ixmB88&mrc$>i>. man. xi?^?^ 

xmUX'<ntf7Xm&<nM%\ZMU 1 — 10 mm^iSH 

^TO;#7Xffl£<7)Jf£t±Bfcfa 0 . 5 — 3 mmtfOliH 
"CafiRWC* 1 ^ «f£0. 8-1. 2mrai«L 
f Lt, TFTffl<D*R^Dtmfc!Sr*iiRSWIR 

## t7 7X t Lxcomtyj mmn^ #7xisw 

5xa£&«9ff ^(iSifc 1-1 0 mmOiEfflT'iaK^T" 
35)0 , #Cl-5mmi>liU\ 

[0014] ^mmmt^^f *jr#*^9^«c 

aWttfcrtLLS-frSfcftteB, P, Al, N^£7)^FM^ 
( h ) g- l 0 14 — 1 0 21 /cm 3 #*$-ti-7t:t 

[0015] ±JE«0R^>f *JRflDJHW±BWi:-riK 

wtct>&. witr. xm^-^^cDttmtLxcomt-rA 

0 . 5 - 5 . 0x< mCOiEffl-C«nrtgT-S) 0 . 1 . 
0 — 2. 0^m^f4LV\ 47"c. iffly7 h7X?f) 

mit LxcDmitdrjmwLmtfyxmLxcoMtt-j 
mmcmmimfao. 1-1. o^m^KH-c^iR^ 

Xfo'O. mzO. 1-0. 5jum36*#4U^. 7tlS»IB 

BtfcrjxmnmmtmhiO. i-i- ojumcDmrnx 
mtmmxhK). mzo. 1-0. 3^m^4tv\ 

LT. TFTffl<03»B^>^!:*«i«PWi!ftS 

77"9xt Lx&m-iti-j mmttz ^^xmmxcom^ 



(4) 

5 

x-fo d . mz i - 5 p. mim £ mt>rA mmm 
^yxmm^x^x ?m<7)h <nx-h ft m&izit . m.M 

6 3 3 nmC0mz^^XcD%mM^7 0%£J.±.b%:& 

[0016] ^mwcomtt.tr'i aPHHfts tf^xfflstti 
mimt^-A mm±*<nmjf#m s & < t .„ - 1 .±„ > / io 

tave ^0. 0 3 &}1fJt U JBSf^J-^A*^ ( n« ai - 
n,i„) /n a „ e SO. 0 3£}ff3tU IfflI$Ra*! 

IBcO t ma x l±ffiBf>aBWBBf "ClUe Lfc WKOftttte 

mnm'hm&^L. ffriB^nave {iffflEffisoagaesrof 20 
x'M&Ltzmtfm<n¥mmzmm-&. *lx* nm<r> 
mmm s r a i4M<7>^t«H § & sw^ 1. . 
[0017] K^-r mmt±3i(oi>(viizms£r&mm 
i±, mmt-iwm.'mm&YX'hhm^/r^ m 
mm 07xmLx*immwiM 

3t(KrF, A r F ) 05^1 — 1 O^y^bO- 
A, He-Nel/-fIf«ftl63 3nm, HgOi 

ft i t #ffl3BS£3r ft A^T* ft . i fc, HBfrfc, IE3§^ 

cools] mt^4mm.hzm j r^mm j rtm\iO'-o. 
0 3xfoh^tmj&L<, «fco~o. oitfti; 

ifc*WSL<. StO-0. 0 lT&iifctfSFiL 

LT, ^fi5RaliO-3nmT*4;i:i6*jff 40 
£L<„ i(:o-inmt&S<:ti s ff*Lv\ 
[0019] flff^. JBiMtftfMs J:tmffiffl2 R a 

b« s^v^ vn^mmmtnt vtz xm 
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6 

tt. mik-yjmimmmzm^mziz-t&ztizx 
^^miBii^*ffls«t Lxtmt: i> enz&z . $ £> 

KR^OWf4t^ft@BHS«)l ft^7X 
£ LT. S>ftt4^»lS#t^'5Xi: LTk#r5lT*£>ft 0 

[0020] AMLtzm^^-t^wmmt'r^m 
mmmnt. mnrnTizm^^mizx vmm-z 

ZttfX'% ft . 9ST , Hlftil*** l 4 0 O^C^JLh-CSffi 
<0fft^®Rj& I 4 . 5^y;'xf n-A ± 5 %Wl*|T£> ft 

fc(±Kfl:*->f«3b»A>*&aeR^)«iiitcvDi£, mbe 

1 O t * . ^t^-f *JRlSJRi^oSKiag(i 9 0 0-1 
4 0 0 *C t -T ft . 9 0 0 °C5fc#H; LTfKML 

f#^nftM-fb^^»no*SAtt. 

0 0'CJ: Dfl< LTJ«JIILfc»^fcUiJfifc:J:4«R<0^ 

^^Mb^-fsst-^rLTB, p, ai, Nmco^m 

(^li.if U.Electroche.Soc (>->— sj-^ a:!- 
^lO^rS^ VfXf ) j Ifll 3 ( 1 98 
8) SI 2 5 51 (Y.Furumuraet. al . ) #EE) o § & 

F IEEE Electron Device Letters jSl3-fNo. 1 

2 (1 992$12i?)H639I (Mario Ghezzoet. 
al. ) #31) „ 

[002 1 ] 4fe, c\l\XW^h-m&zk*)'&t>ixh$i 
it^A ^7Xfflgtll ±!B^^IKB#(;i3V^T 

x\ Mtmtz#t>ti&m:r4 mmm ^^^mmza 
tt ft •< mmcomwm. § r a *t 3 n m kito t o * 

-f *^ ^ =3: ft SS^iffit C V D ^ ± 0 K-fb^ A Mco 

^^m^^mi-i,^u±, mttrAmmcommizjt 
iL^xmz&&M<7>m.w$:^tb$zikLxmkm (mt^ 
Amm) izzmT&ztmitLVK z^n. mmm 
t=mt>ti& m-itT-A mmm ^yxmrnizts n^stity 



(5) 
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[0022] mz^ iMcDXo^zLxmt^-immit®. 

fU±?SJ±~ 1 0 - 6 P a , ffi-^r^^ia- 3 7 0 °C , EPSD 
mill 00-1 000V, 00-2000g/c 
S^IHl~3 0 0#i:-$-S£fc#l?3iU*. 15 

^#^ii-§.„ IWg-££^ J; *U£S?£iB£# ml E 

tf; t srffliM-r s i fc t * o , mie^s^s- ma 10 

^J±— 10- 6 Pa, Jt^rSJg 2 0 0 — 3 0 O'C, EpflflE 
E500-1 00 0V, S15 0 0— 1000 g/ cm 

[0023] m&-4 mmcommmzmm Liz 
sMt-t&mfcfi mmm ^7xsi^ii, r t 

-fx>/ *f-v7"Z1b ^ti>j;<. xyf+yh 
[0024] , ±3*Lfc2rffifc: «fc K)%&Zb 30 

h^mmmtyj mmm nrzxwsit: m^x^xm 

S„ 4-f. Bf5gil»<0K^>f«ll*«ifcK^>f* 

mmm tf^xmrnzmm lx ^hm^-i mmcom 
mizx^v 9 v wmvyfimzi. o 9 y?>v^ 9 y?x 

«t 0 saw ■5x&R&m&&R<r># ? v-mz^m 40 

[00 2 5] 4fcJ±, Bf®H*0jR^>f *K*«i.fc 

Mto**g|5£x y f-y^n»*-r4 i \z i. *} m%n^ 
l/Z£ *) XWk~?X7m%t>ti& . 

[0 0 2 6] S&fcfi, «Bfitfc*ffit:J: Olft^^* 50 



SM^>fiI#l^7XSfi(i:, ^f7X7l/-AOF«3 
[00 27] WJfitfc^StcJ: 0f#4 i fc*^c# 

is 7 v ^ comsnt , if i a t l xft o ; fc 

mWL^r a mmm xvxwmmmLx^&mt'rJ m 
mz&mzmtxR 1 e^^^j; owajBtt^^ 
--y/ti.. mt'}-jmm±.t,z7*hvvy'7 

[0028] 4fc. mr3diL^73?£^J: Df#4 

S i 3 N 4 A>^4fiff>tffiJ*^m#:ii^ffM Lfc 
fc*^-t«iW»«*Mi±) CFe, CoiSEWaitt*** 

6 * 4 ie^s ( mmmmmm ) ^ 7 ^jy 
t i 0 ffM l . z commmco^z&mizm ttzns, 

A 1 N, S i 3 N 4 , Y 2 0 3> A 1 2O3, A 1 S i N, A 
1 S i ON , S i O2 , SiNa m^^hUWM^M 

[0 0 29] -€"LT. TFTfflc0*«^O#f4i; tT<7) 

*»ti!ft*^tt . iR%mM*>mtir J mmzm 
ttzmfc^jmmmtfyxmmzwmLfzjrmzj: o 

wmiz j; 0 m&Bmz^?--y7-r& z t ± o , » 

[0030] 

M! - tmin ) /ta»e SO. 03tr}ifcL. JSi»f*7>^ 



9 

( nmai — ruin ) /nave ^0. 0 3 Sr ifffc L s 
ffl§Ra^Ra^3nm £8Kr*-<r h 3&>6 . 

? £> L < Ji;{4ffl y7f7X^ £ft«hr.g> feftiOWR 

[0031] ttz. mi3^cD^mtz-tmit^-^mm 

4. 

[00 32] 

mtH i 

^'Jnyfflg (±aHJi (100)1, ±^H^HBffl 

§Ra0. 5nm) *7>^t-;^>f7WC 
VD§«lfcJ:DJKfc^f*K<9JSK*fToT, 01 

( a ) fcgssswtijr*- x o izmivmm^ U 3 

MSI2a, 2b£j«jRl,jfc. I^^^ft^^ii 

2a, 2b i±±xgkcomi t-y -imtpi&i mmmx-h 

LTSiHzCh ^X*Jj:VC2H2^XtfflV\ -ft 
&^#*l±CVDiM<3RJ^£|Hp5fc#|&L;fc. fl&tf) 

[00 33] MMi&& : 9 0 0°C 
S i H2 C 1 2 tfXWt : 1 0 0 s c c m 
C 2 H 2 #X3SlM : 1 5 s c c m 
SJtSfffrtJI* : 10. 6Pa (80mTorr) 

mrnrnn-. 1 os# 

1(b) IzmKmi/ZTFTtJ: o t-±^ffi (M) tfO 

*mc*4 mm2 aifist^tix\^Mm&^j ^ vm 

[00 3 5] C F 4 : 4 0 c c 



(6) #If8-183635 

1 0 

02 tfXffi,M :10c c/* 
r f : 3 0 0W 

J±7J (SHMffi) : 5 Pa 
X7fy/SI:46. 7nm/* 
[00 36] /y7Xitt 

*> Ell (c) tsRSWfcjjrr i 0 fcJJBtftfi 

*&ft>- 'J >1« 1 a £ MIBO^ 7X113 t 

£>4. 

[0 0 37] mS&S. : 3 0 0°C 

epjnflffi : i o o o v 

?SflE : 8 5 0 g/c m 2 
UHMffi : ?SJ± 

[0 0 38] Zcom. 7 0 c c<7)yyikfcmWH ( 5 0% 
HF) t30cc»63 %5iBS£: t0^ffi*TtfTlE^*iS 
Hy'jnyill ££TBk*LT. Ell (d) fc«5«W 
20 tc^f «t 5 1:^7X113 1 Slg^'^xS«3«^rfflt 

[0039] :«t-fwi#7^ss4jw 
30 w {±^t i *oeh± fc: * s > s ^ cDtmfr $> 

(tiai-tiin)/t a »e ^ ^^>tz t H h , 0. 0 It" 

&ot^ mmcomMwmtmtmJrTm-it^Am 

II mas n jiin ) / nave 

fztZ^>, 0. 0 1T*-)ft. Mt^-f«M2 
aOHBffl§Raii2 . 3nmtfcit. 

[0040] Mt^-f w&^7^ss4 zmmtfz 

4-&.&lTt& . 5Sii*^ffi±t =5: 1 oTl, 4 6 

3 3 nmtfD3et=*f^&IRfl:^*JH2 a«0gjlf^&^46 
fcfci^, 2. 6 3tl)ofc, i<0JSa*>6#i.T. K 
fl:^*K2a(7)JHIf*JiCiai^-4i4:tJ:0, IIS 
Mk^^«M2a^fuffix7bVX^i0^7^M^e 

50 U#-g>„ 
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[0 04 1] K^-f*RftS^9X3HR4tfl! 
tit-t&mtirj «I2a«y- hJSSEt«£Lfc fc i * 

i. 3 7k£voe<fc9. sv^ptttt^rurv^ifc 

#IIB 3*ufc. £ O «t 3 =5r«v miiti. IBS i: L 

Mt^-f 3HH## #5*3HE4 £JlBM£E 50keV, 
H-Xi3 0 0juC/cmi ^^frTm^f-A * {ggf 



[0042] I«Mtl2a(l mi&&t£o 



m a jft © a * *i 


mmum 


mmmm 
(#) 


mm b m*3 

(nm) 




HF (50wt%) + H N 0 a (61wt%) *2 


2 5 


120 


0 


ft b 


N a OH (20wt%) 


8 0 


3 0 0 


0 


ft u 


H2SO4 (89wt%) 


8 0 


3 0 0 


0 


ft L 


H 3 P0 4 (S7wt%) 


8 0 


3 0 0 


0 


ft U 




2 5 


3 0 0 


0 


ft U 


C Ha CO OH (100%) 


8 0 


3 0 0 


0 


ft L 


HN0 3 (6iwt%) 


10 0 


3 0 0 


0 


ft L 


N H 3 (30wt%) 


5 0 


3 0 0 


0 


ft L 


HC 1 (36wt%) 


1 0 0 


3 0 0 


0 


ft L 


HF (50wt%) 


1 0 0 


3 0 0 


0 


ft L 



* 2 : HF (50wt%) i:HN0 8 (61wt%) Oft^UtKiii* : 7 : 3T-36S = 

*4 : STMCJ;oTili^bfeH[a)SHffldRa©*fl;t0^rS8**;'r= 



[0 04 3] HJg^J2 

UMfcW 3P8H*iR«W4fc«>W»«i: L TUBAS' U a 

vis (±^Bii (100)1) imw *7h 
( a ) izmmizifrr ± 3 izmmm& ^ u n 1 

[0044] C2 Hz #X)fil :10c c/# 



40 



10 0c c/% 
1 5 0 mT o r r 
1 020'C 
6 0# 

8 P a ( 6 OmTo r r ) 

m^mm^n-yx. 03 (b) tcfl^cwfc^- i a tew 

t*3SH<Z>lfcffcJB 1 2 ifc^ft^flJU? 1 - 0 ju mcomtx 50 



I^SIHa, 13btJSBltfc. Ztl^C0m^4 
1113a, 13b li itij&CDmfct- >f *A* 3: 4 #16 

■6. #ffc5'--f*IJU 3 at-9^Tcoiaiy^;i/» 

m ( stm ) ft^H4 (a) fcjjH-. =5rtJ, mtt-^m 

I13a, 1 3b«0J«JRfc:ftfc-3Tl±BH^i: LTS 
iH 2 Cl 2 #.Xi$.fctfCiH» itl^O^' 

Wi&Oii 9 

[0046] *KiSJK : 1 0 2 Or 
S i H2 C 1 2 ^'XvSM : 10cc/* 
1 D <50 S i H 2 C 1 2 #X«Sfi : 2 0fp 

C2H2 :10c c/^- 

1 mfofz D <7)C 2 H 2 ^'XOf^Btral : 10# 
S i H2C 1 2 tfXVtffltt&ll&lLXfrb 

C2H2 tfX(Vfei& : $:&z.XfrhS i H2C 1 2 #X 
iOffiJ&^BBSfrT S i T"^)^r H 1 : 3 » 
HS^<03ES:ffi»|lIJR : 113 7® 
RJt5jPl*lJ±* : 0 . 67—13. 3Pa (5-100m 



(8) 

1 3 

T o r r ) 

[0047] }^X\ mMMi i'SJR 1 1 ^>HBt 

ffMLfc^M 1 2 k z<r)±£ismztLizBttt.tr4 mm 

1 3bt^RI E&^J; 9Bfc*LT. 1113(c) t'^-T 
5-4 mm 1 3 a *«S(t £>fcX V ^ #|gA ^ 'J =? >M 1 

Ufc. 

[0 048] iRC ^7XlIi: UaM1/7;^^/7 

*) £flft\ 03 (d) t^j;^tc±IBco#IS H B B vy 
^yill lafc«nE^5^aHE14fc*J(Mfc^-f* 
I13a jWOTtfiB-f & J: o iz LX § -t2\ 

[0049] ^coi, sgtpi i fc naasc tta»+*cw 

( e ) 5 1 4 fc eHK^ 7Xiffi 1 

3ak itmz-tzmityj mwm% *7^is 1 5 20 

^SSffill 3 a^Hl^SMM^^-f^O^Bt^^cT) 

2fctfri6fl>J: 3fcMfc^*m s *-2><9'C\ JiTF. Mb 
MI113ahIfyil2^M^iil3ct 

[0 0 5 0] i«±afcLT»6*UtJRfl:ir>f*Jlft* 
*7Xlil *7X1I1 4#3 0 O'CiMz. 

z,mxmzmx\^^kfrt>, mmmizmm-t&mfr 
iimmztv&^. tfz. mmmikmmizLxmit^j 30 

111 3 c oUff L , **>*S*&» hl^iz £K>m 
KSr4 «I13c fcowtSQIW 1 fc R«t ITIW 
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1 4 

flitHStjjr*-. Ift7"-iiI13c(7)ifflI§ 
Ralil. 4 6 3 nmT'feO. ffi*6Ti«V^fitt^^rt 
M^*R13c<^STM*S04 (b) 

[00 5 1 ] Mt^*Itti^7XStl 5^@i!it 

ttzyt) nm&mx^hMz, metz^-r^oiz^ m 

it'r^mm 1 3 c rt»o=F3«6Sfc: J: D^It^ffi+ffiio 

fci*. 2. 63tfcot. £OSSia»&# 
XT, Mfc^M II13c offlus £3S13&S£-$-S £ fc 

mm^mk Lxmm u#s <r t (4*6*>t* & . $ 6 
us mmit j r4mmi3c\±K 

[00 52] i^c, IftHiH#^7XMl5j 

mm-zmity^mmi 3 ccois-hmmzMfeLtzk 
ktx commit % +75- tzm&-t h%><nx°foh,> § £> t , 

iOK^^SMti^'^XMU 5teM«ffi5 0 k 
e V. K— X13 0 0 x< C/c m 2 CO&tt-TVf-^— A 
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with a glass substrate and an SiC film provided on 
one side or both sides of the glass substrate, and 
the film thickness distribution of the SiC film 

satisfies the equation of (tmax-tmin) / tave<0 . 03 
and a refractive index distribution satisfies the 

equation of (nmax-nmin) / nave<0.03 and the surface 

roughness Ra satisfies the equation of Ra<3nm. 
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